Multivariate analysis involves observation and analysis of more than one statistical variable at a time. The variability of 434 accessions of rice (Oryzasativa L.) germplasm from Côte d'Ivoire was evaluated for 14 agromorphological traits in upland conditions at M'bé, Côte d'Ivoire (7°5´ N; 5°1´ W), using augmented experimental design, and analyzed with multivariate methods. The unweighted variable pair group method of the average linkage cluster analysis (UPGMA), canonical discriminant analysis (CAN) and principal component analysis (PCA) were used to analyze the data obtained. This enabled assessment of the extent and pattern of variation of the germplasm, and identification of the major traits contributing to the diversity. Seven cluster groups were obtained from the 14 agro-botanical traits using UPGMA. CAN showed the contribution of each trait to the classification of the rice accessions into different cluster groups. The first three principal components explained about 58.41% of the total variation among the 14 characters. The results of CAN and PCA suggested that traits such as plant height, leaf length, number of days to heading and maturity, tillering ability, panicle length and grain size (weight, length and width) were the principal discriminatory characteristics. It is concluded that variation exists in the germplasm, which provides opportunities for this collection to be useful for genetic improvement.
while Boundiali is further north in the savannah. There were 211 landrace accessions collected from Danane, 61 from Touba, and 162 from Boundiali. For the purposes of easy identification and retrieval, accession numbers composed of three letters (to represent the site), plus a serial number were assigned to the collections. Thus, landraces collected from Danane bore the prefix 'DNN', while those from Touba and Boundiali bore the prefixes 'TBA' and 'BDL', respectively.
The trial was conducted in the upland field of Africa Rice Center (AfricaRice) at M'bé, Côte d'Ivoire (7°5´ N; 5°1´ W). Because of the limited quantity of seeds, an augmented design (Federer, 1956 ) with eight checks was used. The eight checks were: WAB56-104, Morobérékan, IDSA6, IDSA10, NERICA 2, NERICA 1, WAB638-1, and WAB56-50.
Each plot consisted of four rows, each 1 m × 5 m long, with a distance of 40 cm between plots. The accessions were direct-seeded at a plant spacing of 20 × 20 cm, with two seedlings per hill. A basal dose of NPK (10-18-18 ) was applied at the rate of 200 kg/ha during land preparation. Urea was applied at the rate of 65 kg/ha as top-dressing, once at tillering and again at booting. Hand weeding was done regularly to minimize weed infestation. Bird and rodent damage were controlled using bird scarers and fencing, respectively.
Fourteen quantitative characters were measured according to methods in the descriptors for rice O. sativa (IRRI, 1980) . Variables considered in the descriptive and multivariate analyses were morphological (plant height, number of tillers, number of fertile tillers, leaf length, leaf width, and culm diameter at maturity); phenological (days to 50% flowering and days to harvest maturity, both measured from the day of sowing); and grain traits (panicle length, grain length, grain width, grain shape, and weight of 100 grains).
Statistical analysis
Data were statistically analyzed to identify groups among the landraces that were genetically different or similar based on the 14 traits measured. Canonical discriminant analyses (CAN) were used to determine the relative contribution and linear associations among the traits. Two methods, namely the unweighted pair group method of average linkage (UPGMA) and principal component (PCA), were used to classify the 434 accessions into groups (clusters). UPGMA was performed using the Numerical Taxonomic and Multivariate Analysis System statistical software (NTSYS, version 2; Rohlf, 1990) , while CAN and PCA were done using SAS/PC version 8 (SAS Institute, 1999).
Results and discussion

Pearson's coefficient
Pearson's correlation coefficient (r) is a measure of the strength of linear association between two variables. The coefficients of correlation for pairs of characters in the landrace collection are presented in Table 1 . Among the variables studied, the highest correlation corresponded to the number of days to heading (DH) and days to maturity (Mat) (r = 0.98). Traits presenting highly significant correlations with these two characteristics were tiller fertility ratio (Ftr, r = -0.67 and -0.68, respectively), leaf width (LW, r = -0.52 and -0.54, respectively) and 100-grain weight (Gwgt, r = -0.323 and -0.308, respectively). The negative correlations show that Ftr, LW and Gwgt tended to decrease as the DH and Mat increased.
The positive correlations between the grain weight and grain width (r = 0.59) and grain length (r = 0.56) indicate that the wider and/or longer the grain, the heavier it is.. The highly positive correlation between total number of tillers and fertile tillers (r = 0.87) showed that the fertile tillers tend to increase along with the total number of tillers.
Principal component analysis
The result of the PCA explained the genetic diversity of the rice collection. 'Proper values' measure the importance and contribution of each component to total variance, whereas each coefficient of proper vectors indicates the degree of contribution of every original variable with which each principal component is associated. The higher the coefficients, regardless of the direction (positive or negative), the more effective they will be in discriminating between accessions. There are no standard tests to prove significance of proper values and the coefficients. In this study, we chose to follow the criterion used by Clifford and Stephenson (1975) and corroborated by Guei et al. (2005) , which suggested that the first three principal components are often the most important in reflecting the variation patterns among accessions, and the characters associated with these are more useful in differentiating accessions. According to this criterion, the first three components account for more than 58% of total variation (Table 2) , giving a clear idea of the structure underlying the variables analyzed. However, the criterion of Raji (2002) was chosen to determine the cutoff limit for the coefficients of the proper vectors; this criterion treated coefficients greater than 0.3 as having a large enough effect to be considered important, while traits having a coefficient less than 0.3 were considered not to have important effects on the overall variation observed in the present study.
The first principal component accounted for more than 24% of total variance, whereby number of days to heading and days to maturity were the variables that contributed most negatively. In contrast, the variables contributing most positively were yield components with respect to grain width and weight of 100 grains ( Table  2) . As a result, the first component differentiated those accessions that head and mature earlier in the season and also registered those with high yield-component values. The first component identified mainly phenological variables presenting negative contributions. Guei et al. (2006) observed similar performance for phenological variables of rice. The second principal component accounted for more than 20% of total variance. Variables highly and positively correlated were grain length and weight of 100 grains. The second component thus identified yield component variables presenting positive contributions and the main characters responsible for classification. The third principal component accounted for 13% and was associated with panicle and stem diameter, plant height, grain diameter, and weight of 100 grains, thus differentiating those accessions with good architecture, plant height, thick stems, large panicles, and medium to large grains (Table 2) . These findings agree with Caldo et al. (1996) , who report that maturity, heading, plant height, culm length, leaf length, and tillering ability were the major factors contributing to the variation of parental lines of modern Philippine rice cultivars. Takeda (1990) also reports that grain size -as indicated by weight, volume, or length -is one of the most important agronomic traits in rice.
Cluster analysis
Analyses performed by UPGMA divided the 434 landraces into seven clusters. The landraces were not evenly distributed among the clusters,and their places of origin were distributed across the clusters. For example, there were 220 landraces in Cluster 1 and 100 in Cluster 2. These two clusters contained 73% of the landraces in the study. Members of the Cluster 1 comprised 133 from Danane, 52 from Boundiali, and 35 from Touba. Cluster 2 consisted of 71 landraces from Boundiali, 22 from Touba, and 7 from Danane (Table 3) . Means of the agrobotanical traits that characterize individual clusters are presented (Fig. 1A-D) .
Clustering based on phenology and morphological characteristics
The landraces in Clusters 4, 5 and 6 were late maturing. The mean duration to 50% flowering for each group was 154 days for cluster 4, 174 for cluster 5 and 160 days for cluster (Fig. 1A) . The accessions in Cluster 2 had a mean duration to flowering of about 84 days, and were earliest among all the landraces.
Mean plant height per group varied little, and was between 125 and 145 cm across the groups, except for members of Cluster 3, which had mean height of <100 cm (Fig. 1A) . The number of tillers produced per plant was highest (7-8 tillers per plant) for the landraces in Clusters 2, 4 and 5 (Fig. 1B) . But, while Clusters 4 and 5 had only about four fertile tillers, there were seven fertile tillers in Cluster 2. Total number of tillers was lowest in Cluster 7. The accessions in this group had a mean of four tillers per plant. Culm diameter was similar across all clusters at 6-7.5 cm (Fig. 1B) .
Leaves were longest and widest among landraces in Cluster 1 (Fig. 1C) . Members of this group also had the longest mean panicles (25 cm). Variability in mean panicle length was 5 cm, and Cluster 7 had the shortest panicles (mean = 20 cm). 
Clustering based on grain characteristics
Classifications based on grain characteristics are shown in Figure 1D , and Cluster 3 stands out with respect to these characters. The mean grain weight for the landraces in Cluster 3 was 4 g/grain, whereas in Clusters 5, 6, and 7, grain weight was less than 2 g/grain. Although Cluster 6 had the lowest mean grain weight, the landrace had a mean grain length of 9.6 cm, which was the longest.
Application in breeding objectives
The overall objectives are to aid utilization of the landraces in rice improvement work. Therefore, Table 3 shows the number of varieties from each location that were grouped in each cluster. Table 4 summarizes the value of each of the clusters in identifying breeding stocks based on the traits studied. No single cluster may be suitable for all traits. For example, tall plant types were found in Cluster 1, whereas high tillering landraces could be found in Cluster 2.Early maturing plants occur in Cluster 2. The landrace in Cluster 6 is characterized by thick culm, long grains, but narrow leaf, infertile tillers, and lightweight grains. Boundiali  BDL  52  71  31  8  162  Danane  DNN  133  7  2  41  25  1  2  211  Touba  TBA  35  22  2  2  61  Total  220  100  2  74  35  1  2  434 Canonical discriminant analysis Canonical discriminant analysis simultaneously examines the differences in the morphological variables and indicates the relative contribution of each variable to accession discrimination (Vaylay and van Santen, 2002) . 
Quantitative variables were considered as independent, and the clusters identified by cluster analysis as dependent variables. The first six discriminatory functions were statistically significant according to chi-square test at a probability of 0.01. Proper values and the distribution of their variances indicated that the first two functions accounted for more than 89% of total variance. Wilks' lambda coefficients for these two functions were the lowest, indicating an almost perfect discrimination regarding the remaining functions. In contrast, the R 2 indicates the percentage of variance explained by the model (Table 5 ). The significant (P<0.001) canonical correlation (Rc) between the accessions and the first canonical variate (Rc = 0.91) and second canonical variate (Rc = 0.62) indicates that the canonical variates can explain the differentiation of the accessions (Table 6 ). Canonical loadings measure the simple linear correlation between an original independent variable (trait) and the canonical variate. This implies that the canonical loading reflects the variance that the observed variable shares with the canonical variate, and can be interpreted in assessing the relative contribution of each variable to each canonical function (Hair et al., 1987) . The first canonical discriminant function is dominated by a large loading from number of days to 50% heading and maturity, followed by grain width (Table 6 ). The second function is dominated by a large loading from panicle length, followed by plant height, number of tillers, leaf length, grain length, and grain width. It is therefore evident in the canonical discrimination that the composition of the accessions differs chiefly in number of days to 50% heading, maturity, grain characters, number of tillers, plant height, leaf length, and panicle length. The result of the canonical discriminant analysis confirmed the results of both the PCA and cluster analysis. These findings are similar to the observations by Sanni et al. (2008) .
Conclusion
The rice landraces studied showed considerable variability for most of the characteristics that could be exploited for crop improvement. Cluster analysis based on plant morphology suggested that the accessions could be grouped. Such groupings are useful to breeders in identifying possible landraces that may be used as parents in breeding for any of the morphological traits that were studied. Above all, the information generated will reduce the overall time required by plant breeders to screen large populations for potential breeding stock.
